Purpose The study was designed to evaluate whether cumulus cell removal 4 h post-insemination could influence fertilization and embryo quality. Methods The study included 61couples undergoing standard long down regulation protocol from July 2011 to May 2012. Sibling oocytes of each patient were randomly assigned to either the 4 h group or the 20 group. For the 4 h group, cumulus cells were removed 4 h after gamete coincubation; for the 20 group, cumulus cells removal was performed 20 h after insemination. Fertilization rate, embryo quality, pregnancy rate and implantation rate were assessed. Results A total of 801 sibling cumulus-oocyte complexes (COCs) were randomized to the 4 h group (421 COCs) or 20 h group (380 COCs). There was no difference in the two pronuclei, one pronucleus and grade 1-2 embryo rate. Three pronuclei rate was significantly higher in the 4 h group compared to the 20 h group (12.6 % vs. 8.2 %, P=0.041). Comparison of embryo transfer cycles in which either embryos from the 4 h group or 20 h group were transferred did not reveal any statistically significant differences in pregnancy or implantation rates. Conclusion The results of the present study indicate that cumulus cell removal 4 h post-insemination may increase the percentage of tripronuclear zygotes. However, normal fertilization rate, embryo development, clinical pregnancy rate and implantation rates are not influenced by the timing of cumulus cell removal.
Introduction
Total fertilization failure remains hard to predicted in in-vitro fertilization (IVF) cycles [13, 14, 17] . Rescue of 1-day-old oocytes by intracytoplasmic sperm injection (ICSI) that have failed to fertilize usually results in very poor clinical outcomes [5, 6, 8, 9, 11-13, 15, 16] . In order to reduce the proportion of failed fertilization cycles, a treatment observing early signs of fertilization after a short time of gamete coincubation has been used in IVF cycles [1, 10, 19, 21] . Those in which the second polar body (2 PB) has extruded are considered to be fertilized. However, only when the cumulus cells are removed completely, can the second polar body be observed under the microscope. In a limited number of studies, there are conflicting data regarding the effect of early cumulus cell removal on fertilization and embryo quality. Wei et al. [19] reported a significant reduction in the rate of available embryo after cumulus cell removal 4 h postinsemination, while others have described an equivalent embryo morphology compared with cumulus cell removal between 18 and 22 h post-insemination [1, 21] . The polyspermy rate in case of early cumulus cell removal was usually unchanged except as reported by Xiong et al. [21] , which has described a decreased polyspermy rate. These results, obtained from existing studies so far, are contradictory and suggest that the effects of early cumulus cell removal remain unclear.
Results of previous studies were generally obtained from a cohort of oocytes collected after ovarian stimulation. The difference in oocytes quality between women might influence the final results. Therefore, this study was designed as a sibling study, where oocytes from individual women were randomizedly divided into two groups. By allowing each patient to serve as her own control, we could reduce the interindividual variability observed in multiple cohort studies as well as the technology platform-based variability.
The aim of the present study was to investigate whether the effects of early cumulus cells removal on fertilization and embryo quality using a prospective auto controlled design. As far as we know, this work is the first randomized siblingoocyte study ever published on this field.
Materials and methods

Design of the study
We performed a prospective randomized trial and compared on sibling oocytes the following outcomes: two pronuclei (2PN), one pronucleus (1PN), three pronuclei (3PN), and grade 1-2 embryos rate. This trial was included 65 patients who underwent IVF-ET treatment in the Reproduction Centre, Sir Run Run Shaw Hospital, China, between July 2011 and May 2012. The inclusion criteria were as following: unexplained infertility, secondary infertility of at least 5 years duration, first IVF treatment, normozoospermic semen according to WHO criteria [20] , at least ten oocytes retrieved. No male factor was involved. Within the 65 patients, four patients were excluded due to total fertilization failure. The oocytes were randomly allocated into one of two groups at the time of removing cumulus cells: for 4 h group, cumulus cell was removed only 4 h post-insemination; for 20 h group, cumulus cell removal was performed 20 h postinsemination. When there were uneven numbers of oocytes, the additional oocyte was allocated to 4 h group.
Institutional review board approval was obtained to perform early removal of cumulus cells. All patients were informed that total fertilization failure after conventional IVF was possible. Written informed consent was obtained from each couple after offering them the fertilization method.
Ovarian stimulation
Patients included in the study were treated by routine controlled ovarian hyperstimulation (COH). After mid-luteal pituitary down-regulation with a gonadotrophinreleasing hormone (GnRH) agonist, the ovaries were stimulated with follicle-stimulating hormone (FSH). Follicular development was monitored by ultrasound scanning. Human chorionic gonadotropin (hCG) was administered when at least three follicles measured >18 mm diameter. Transvaginal oocyte retrieval was performed 36 h after hCG injection. The COC S were collected in IVF medium (G-IVF, Vitrolife Sweden AB, Sweden) containing 10 % serum substitute supplement (SSS, Irvine Scientific, Santa Ana, CA) and incubated at 6%CO 2 , 37°C incubators for insemination.
Semen preparation and in vitro insemination
Semen samples were collected by ejaculation in the morning of the oocyte retrieval day. Isolate (Irvine Scientific, USA) discontinuous concentration gradient was used for isolation of motile spermatozoa. The pellet was transferred into a new centrifuge tube and washed twice in IVF medium. Concentration of spermatozoa was determined by pipetting an aliquot of 5 μl semen into a Makler Counting Chamber (Sefi Medical Instruments, Israel). Finally, spermatozoa were incubated at 6%CO 2 , 37°C until use.
Each COC was inseminated with 50,000-100,000 motile spermatozoa/ml in a 75 μl microdroplet at 38~40 h post-hCG.
Cumulus cells removal
In 4 h group, COCs were coincubated with spermatozoa for 4 h, and the cumulus cells were mechanically removed. The oocytes were gently aspirated in and out of pipette of inner diameter slightly smaller than the oocytes until cumulus cells were completely removed. Fertilization was determined when two polar bodies were present. Those in which a second polar body was evident were considered as fertilized. Fertilization failure was determined when the oocytes were absent of the second polar body. In patients with fertilization failure, rescue ICSI was performed on those oocytes that did not show a second polar body at 6 h of insemination.
In 20 h group, after 20 h of co-incubation, cumulus cells were removed using fine pipettes for fertilization assessment.
Pronuclei and embryo evaluation
Pronuclei evaluation was carried out 20 h after insemination. All zygotes in two groups were transferred to fresh cleavage medium (G-1, Vitrolife Sweden AB, Sweden) with 12 % SSS. Normal fertilization was confirmed by the presence of two pronuclei (2PN). The fertilization rate was expressed as numbers of two pronuclei per numbers of COC. Embryonic development was assessed on Day 3 (70-72 h) after oocyte retrieval with an inverted microscope using routine examination of: [1] the number of blastomeres; [2] the degree of cytoplasmic fragments; [3] the uniformity of blastomeres. Embryos morphology was scored as: grade 1, equal blastomeres with no obvious fragmentation; grade 2, <20 % fragmentation and/or unequal blastomeres; grade 3, 20-50 % cytoplasm fragmentation; grade 4, >50 % cytoplasm fragmentation.
Embryo transfer and pregnancy testing Embryo transfer took place 3 day after oocytes retrieval under ultrasound guidance. To reduce the risk of high-rank multiple pregnancies, the number of embryos replaced is mostly limited to one or two.
Luteal support (combination of estrogen and progesterone) was initiated on day 1 after oocytes retrieval. Clinical pregnancy rate was defined by the presence of gestational sac with fetal heartbeat after at 7 weeks or later. Implantation rate was defined as the number of gestational sacs per number of embryos transferred.
Statistical analysis
Analyses were performed using the SPSS 17.0 statistical package (SPSS, Inc., Chicago, IL). Comparison of fertilization rates and embryo quality were performed using the Chi square test. Pregnancy rates and implantation rates were compared by using the Fisher's exact test (two-tailed).
The study design involved randomization of oocytes; hence the oocyte was the unit of analysis. Sample size calculation was based on the fertilization rate as the primary outcome. To detect a 10 % difference between the groups with a power of 0.8 (alpha-level 0.05), at least 269 oocytes would be necessary for each group.
Results
In 65 oocyte retrievals, 846 oocytes were collected, of which 444 oocytes were randomly assigned to 4 h group and 402 oocytes were randomly allocated to 20 h group. According to the exclusion criteria of fertilization failure within the two groups, 23 and 22 oocytes were not analyzed in the 4 h and 20 h group, respectively. Patient demographic data including female age, duration of infertility, infertility diagnosis and number of oocytes retrieved are given in Table 1 . A total of 116 embryo transfers were performed. Thirty-six of these were mixed transfers. More embryos from 4 h group were transferred compared with 20 h group (60 vs. 20). In total, 28 patients became pregnant: 13 in the 4 h group (40.6 % per transfer), 5 in the 20 h group (45.5 % per transfer) and 10 in the group with mixed transfers (55.6 % per transfer). These data are given in Table 3 . No significant differences were observed with regard to pregnancy rates and implantation rates between the three groups of embryo transfers.
Discussion
Cumulus cells play a major role in regulation of oocyte growth and induction of oocyte maturation, since they might provide growth factors or express adhesion molecules [3, 4, 18] . In this study, there was no significant difference between an early and a late cumulus cells removal on the normal fertilization. Cumulus cells removal after 4 h co-incubation seems to have no effect on normal fertilization rate. In normal fertilization, both nuclear and cytoplasmic maturation of oocytes are required independently [3, 4] . Nuclear maturation refers to the progression of the oocyte nucleus from the germinal vesicle (GV) to the metaphase II stage. Cytoplasmic maturation prepares the oocyte for activation, fertilization. Earlier reports indicated oocytes that are at stage of metaphase-I after retrieval and mature within 4 h in vitro culture in the absence of surrounding cumulus cells, show a tendency of lower fertilization rate, but the cytoplasmic maturity of the metaphase-II oocytes does not appear to be affected by surrounding cumulus cells [18] . It may be assumed that in this study the percentage of cytoplasmic maturity of the metaphase-II oocytes was similar between the two groups. One possible explanation for the results is that the oocytes are well synchronized at the level of nuclear and cytoplasmic maturation using the standardized ovarian simulation with GnRHa/FSH/hMG protocol [7] .
Three pronuclei, resulting from failure in the fertilization process [2] , were observed in the two groups. A significant higher percentage of three pronuclei (12.6 %) zygotes was obtained in the 4 h group. The high three pronuclei rate appeared to be related to the timing of cumulus cells removal. A similar study has been previously reported by Wei et al. [19] , in which polyspermy rate was 12.0 % in the group with removal of cumulus cells 4 h post-insemination [19] . However, other two studies have reported low percentage of tripronuclear. In a study by Chen and Kattera [1] , tripronuclear Patients with fertilization failure were not included rate was 6.1 % was obtained. 7.5 % polyspermy rate was observed by Xiong et al. [21] . It should be noted that the cumulus cells were removed at 6 h of insemination in the latter two studies. We speculated that the different time to remove cumulus cells may cause different abnormal fertilization rates. As we know, it was harder to remove cumulus cells 4 h postinsemination compared to cumulus cells removal at 6 h of insemination. The repeated aspiration may cause damage to cytoplasmic structures and subsequent fertilization process, leading to multiple sperm penetrations, or inhibition of the second polar body extrusion. In addition, three pronuclear may be correlated with oocyte immaturity [2] . Although the majority of the oocytes are well synchronization on the level of nuclear and cytoplasmic maturation, there is still a small portion of oocytes that have not yet reached full maturity. These oocytes that are in germinal vesicle or metaphase I stage become mature during long-term incubation, resulting in a decreased three pronuclei rate in 20 h group.
This study showed a similar grade 1-2 embryo rate between 4 h group and 20 h group, indicating that cumulus cells removal at 4 h of insemination did not affect embryo quality. This result supports the previous data [1, 21] but is inconsistent with another report by Wei et al. [19] , which have shown a decrease in the quantity of available embryo rate. The different study designs could explain these conflicting results. Patients assignment described in the study of Wei et al. [19] associated with non-randomized control. Patients with low risk of fertilization failure was assigned to the control group, whereas patients with high risk of fertilization failure to the experimental group.
When analyzing the results, one might question whether a decrease in the available embryo rate was due to early cumulus cells removal. In our study, with random assignment, there is a better chance at detecting if the observed effect is due to early cumulus cells removal. Consequently, we concluded that early cumulus cells removal has no significant detrimental effect concerning embryo quality.
The best quality embryos were transferred regardless of whether they were derived from 4 h group or 20 h group. The aim was to provide the patient with the highest possible chance of pregnancy. This transfer guideline led to three groups of transfer: transfers performed with (1) embryos from 4 h group (group 1, n=32), (2) embryos from 20 h (group 2, n=11) or (3) embryos from both groups (group 3, n=18). We did not observe statistical differences in pregnancy and implantation rates.
The analyze power in this study is limited by a relatively small sample size. In spite of the limitation, this is still a prospective randomized study. Furthermore, the present study has sufficient power to detect differences of fertilization and embryo quality between 4 h and 20 h groups. However, the results of embryo transfer showed no statistical differences in pregnancy and implantation rates. A larger scale work might be needed to validate this finding.
In conclusion, the results of the present study suggest that cumulus cells removal 4 h post-insemination may increase the percentage of three pronuclei zygotes. However, the normal fertilization, grade 1-2 embryo, as well as pregnancy and implantation rates are not influenced by different timing of cumulus cell removal. 
